Purpose The diagnostic criteria of gastric intraepithelial neoplasia (IEN) are controversial across the world. We investigated how many discrepancies occur in the pathologic diagnosis of IEN and early gastric carcinoma in endoscopic submucosal dissection (ESD) specimens, and evaluated the reasons of the discordance.
Introduction
Endoscopic submucosal dissection (ESD) is an important treatment modality for intraepithelial neoplasias (IENs) including adenoma, dysplasia, and early gastric carcinoma (EGC) with minimal risk of lymph node metastasis. The histologic diagnosis of ESD specimens is critical for decisionmaking for further treatments. However, there is considerable discordance among pathologists, especially between the East and West, in the diagnosis of IEN and EGC. Although the Vienna and modified Vienna classifications [1, 2] were suggested to reduce discrepancies in the pathologic interpretation of IEN of the gastrointestinal tract, there is still intra-and inter-observer variability. Standardization of the morphologic criteria for the pathologic diagnosis of gastric IEN is necessary to minimize confusion in clinical practice. The aim of this study was to assess the inter-observer reproducibility of IEN and early cancer diagnoses in gastric ESD specimens and to evaluate the pathologic findings resulting in diagnostic discrepancies.
Materials and Methods

Materials
Twelve institutions in Korea were involved in this study that actively perform ESD, and a study group (NECA-Korea ESD for early gastric cancer prospective study: N-Keep study) was organized. From June 2010 to May 2011, experienced endoscopists performed ESD for gastric adenomas (dysplasias) and EGCs that satisfied all the following inclusion criteria : (1) patients 20 years of age or older, (2) lesions less than 3 cm in length based on endoscopic findings, (3) adenoma or differentiated type (well or moderately differentiated) adenocarcinoma based on histologic examination of endoscopic biopsy tissue, (4) absence of ulcers in the lesion, and (5) no metastasis based on abdominal computed tomography findings prior to the procedure. ESD specimens were sent to the pathology lab at each institution, where they were fixed immediately in 10% buffered formalin for more than 4 hours. Then, paraffin blocks and hematoxylin and eosin-stained slides were made according to standard protocols.
Methods
Consensus diagnoses were made in a consensus board meeting composed of 16 pathologists with expertise in gastrointestinal pathology, the same method described in a previous manuscript [3] . In total, 1,202 ESD specimens collected from 1,138 patients were used. The final pathologic diagnoses were grouped as carcinoma (CA), high-grade dysplasia (adenoma with high-grade dysplasia [HG]), low-grade dysplasia (adenoma with low-grade dysplasia [ LG]), and others (regeneration, gastritis, no residual tumor, etc.). The diagnostic criteria for CA were based on invasion, per Western standards.
After all the consensus meetings had been held, four expert pathologists (J.H.S., S.Y.J., M.Y.C., and J.M.K.) reviewed the 157 cases with discrepancies between the original and final diagnoses and analyzed the cause of discrepancy.
Statistical analysis
The agreement between the original and final diagnosis at each hospital was assessed with Cohen's kappa or weighted kappa statistic (for ordinal data with  3 categories). The estimated kappa statistic was interpreted as follows: < 0.20, poor; 0.20 to < 0.40, fair; 0.40 to < 0.60, moderate; 0.60 to < 0.80, good; and 0.80 to 1.00, excellent agreement. The relationship between the kappa statistic and the cancer rate was examined by Spearman's correlation analysis. The differences in kappa values between hospitals were tested with the Wald statistic, z= for an estimated kappa at hospital i, which asymptotically follows a standard normal distribution. For adjustments for multiple comparisons, we used the Bonferroni method [4] . Statistical significance was accepted for p-values < 0.05 (two-tailed). Statistical analysis was performed with R software ver. 3.5.0 (https://www. r-project.org/, 'rel' package).
Ethical statement
This study was performed after approval from the Institutional Review Board of The National Evidence-based Healthcare Collaborating Agency (NECA) (approval number: NECA IRB09-013) in accordance with the principles of the Declaration of Helsinki. Written informed consents were obtained.
Results
Comparison between original diagnosis and final consensus diagnosis
There were discrepancies between the original and consensus diagnoses in 157 of the 1,202 cases (13.1%). The disease composition varied among the institutions that participated in the study. For example, institution A had the highest CA incidence (42/43, 97.7%), with only one case of LG (1/43, 2.3%). The lowest rate of CA (45.5%) was found at institution L. The composition of the original and final diagnoses at each institution is shown in Table 2 .
Assessment of kappa value
The total weighted kappa value including all the institutions was 0.83, indicating excellent agreement. To evaluate the gray zone effect of CA vs. HG and LG vs. HG, regrouping of disease were performed. When HG was combined with CA or LG, the kappa values were 0.82 and 0.83, respectively ( Table 3 ). The kappa value between the CA group and the non-CA group was 0.84. All these kappa values were similarly high, so the diagnostic agreement was excellent in general.
In contrast, the kappa values of the institutions varied from 0.74 to 1, and this was related to the cancer incidence (Table 2) . For institution A, which had the highest CA ratio (42/43, 97.7%), the kappa value was 1. In contrast, institution L, which had the lowest CA rate (46/121, 45.5%), had a much lower kappa value of 0.75. The weighted kappa value of each institution correlated statistically with the cancer incidence (Spearman's correlation analysis, p=0.02), but not with the HG, LG and other groups. The kappa value of institution A differed significantly (p < 0.05) from those of five other institutions (D, G, H, I, and L), but did not differ from those of the remaining institutions in a Bonferroni examination. Although the kappa value was different at each institution, these differences were considered to be minor.
Assessment of pathologic findings in discrepant cases
1) Cases revised as CAs
Sixty-four cases (8.5%) originally diagnosed as non-CA were finally diagnosed as CA based on pathological characteristics. On the other hand, 27 of the 719 cases (3.8%) originally diagnosed as CA were finally diagnosed as non-CA; thus, there was a higher frequency of under-diagnosis than over-diagnosis. In some cases, the specimen condition was poor and the correct diagnosis was difficult to make. The pathologic characteristics observed in CA were structural and cellular atypia. Structural abnormalities could be observed in low-, medium-, and high-power views. The characteristics of CA observed at low magnification were irregular gland shapes, sizes and distributions and a loss of gland polarity. In some instances, the fusion of glands that maintained polarity was observed (Fig. 1A) . At low and medium power, glandular fusion, irregular branching and sometimes small glands at the base of the lamina propria were observed ( Fig. 1B and D) . At high magnification, invasion could be observed ( Fig. 1C and F) . The outside of the basement membrane was irregular and angular glands were present (Fig. 1B , C, and F).
If cytological atypia such as hyperchromasia and pleomorphism was observed to be very severe, even though without great architectural abnormality, these cases could be diagnosed as CA ( Fig. 1G-I ). In addition, the glandular epithelial cells were observed to have a single-layer arrangement, Values are presented as number (%). Dx, diagnosis; CA, carcinoma; HG, high-grade dysplasia;
LG, low-grade dysplasia. CA, carcinoma; HG, high-grade dysplasia;
LG, low-grade dysplasia; RA, others.
Table 2. Comparison between the original and final pathologic diagnoses in individual institution
Joon Mee Kim, Reproducibility of the Diagnosis in Gastric ESD round nuclei, vesicular chromatin, nuclear polarity loss, surface epithelial crowding and stratification in CA cases (Fig. 1E , H, and I). The observation of surface epithelial atypia was helpful for diagnosis. In particular, the difference between regenerating change and CA was that surface atypia and invasion existed in CA (Fig. 1E, 2G , and H). During the observation of surface cells, areas where the cells are well maintained should be selected. The pathologic characteristics of CA were summarized in Table 4 .
2) Cases revised as high-and low-grade dysplasia
Among the 719 cases originally diagnosed as CA, 12 cases were revised to HG and 13 cases were revised to LG. In addi- LG were revised to HG. After reviewing these low-and high-grade dysplasia cases, we identified several characteristics important for differentiation (Table 4) : (1) at low magnification, the glandular distribution was even in LG ( Fig. 2A-D) , but was irregularly crowded in HG (Fig. 2E) . (2) LG had an evenly distributed and regular glandular shape ( Fig. 2A-D) , but HG displayed structural abnormalities such as irregular shapes, intraglandular proliferation, tufting and papillary features with cellular atypia (Fig. 2F) . However, tufting and papillary features could be seen in LG cases associated with regeneration, which need careful concern ( Fig. 2C and D) . (3) The overall axis of the gland was not important for distinguishing HG from LG ( Fig. 2A and B) . Polarity loss of the glandular axis was observed primarily in HG (Fig. 2E) , but not necessarily. (4) Surface maturation was helpful for distinguishing LG from HG (Fig. 2D) . Surface maturation of glands could be seen in both LG and HG, even in CA, but it was usually focal in HG. If surface maturation was widely present, LG was more favorable. (5) If the nuclear stratification was less than half of the epithelial cell height, LG was favored, but if the nuclear stratification was severe, the possibility of HG was high. However, severe cell proliferation did not necessarily indicate HG, so it was necessary to judge structural abnormalities together. In addition to the architecture, nuclear features such as polarity loss and cellular atypia were important for differentiating between LG and HG. If the polarity loss of the nucleus was localized, the case could be diagnosed as HG rather than CA (Fig. 2F) . (6) In cases of LG associated with erosion, inflammation and regeneration, there was a high possibility of misdiagnosing LG as HG or CA due to nuclear atypia (such as vesicular chromatin and prominent nucleoli), especially at high magnification (Fig. 2D) . In addition, intraglandular lymphocyte or neutrophil infiltration could increase the possibility of over-diagnosing HG (Fig. 2B) , so careful examination is important at higher magnifications. The presence of a brush border could favor LG, but can also be seen in HG. The pathologic characteristics of LG and HG were summarized in Table 5 .
Diagnostic pitfalls were present in non-neoplastic lesions originally diagnosed as IEN. For the differentiation between regenerating change and CA, cellular atypia of glands was extending into the surface epithelium in CA (Fig. 1E) but not in regeneration. The identification of definite invasion was important for cancer diagnosis, also. Non-neoplastic lesions exhibiting artifacts, improper/bad staining, erosion or regeneration and focality could be misdiagnosed as neoplastic lesions.
Discussion
The pathologic diagnosis of gastric IEN and EGC is important for the selection of the appropriate therapeutic options. However, there has been controversy among pathologists regarding the classification of these lesions, especially bet- Table 5 . Differential points of high-and low-grade dysplasia
LG, low-grade dysplasia; HG, high-grade dysplasia.
Characteristic
LG HG ween the East and West. In the West, the terms gastric adenoma (for raised lesions) and gastric dysplasia (for flat/ depressed lesions) are used, whereas in Japan, the term borderline lesion (groups 3 or 4) is used instead [5] [6] [7] . Not only the terminology, but also the criteria for CA differ between Western and Japanese pathologists. In Japan, the diagnosis of gastric CA is based on cytologic criteria, while in the West, gastric CA is diagnosed if invasion is detected [8] . International efforts have been made to reduce this confusion such as the Vienna classification [1] and Padova classification [9] . The diagnostic concordance rate for gastric lesions increased to 80% following the introduction of the revised Vienna classification. However, this classification system is not perfect, and diagnostic discrepancies still exist not only between the East and West but also among the pathologists in the same nation [10] [11] [12] . Since Korea is geographically close to Japan, academic exchanges have been frequent. The endoscopic mucosal resection/ESD technology in Korea was mainly introduced by Japan. There has been much discussion and cooperation between the two countries, not only among endoscopists, but also among pathologists. However, since Korean medicine developed mainly under Western influence, doctors in Korea are familiar with Western-style medical terminology. Thus, the terms, definitions and diagnostic criteria for gastric IEN and early CA in Korea are highly heterogeneous due to the combination of Western and Japanese influences.
Structure
On the other hand, this situation has been helpful in highlighting the differences in diagnostic criteria between Japan and the West and in demonstrating their strengths and weaknesses. As a result, more scientific and meaningful diagnostic criteria have been established, and efforts have been made to standardize the diagnosis of gastric IEN and early CA in Korea after a period of confusion. Invasion is the diagnostic criterion for gastric cancer in Korea, as in the West, but both cytological and structural atypia should be considered. Because the incidence of gastric IEN and CA is high, Korean pathologists are more familiar with gastric biopsy and can better identify invasion. Thus, it may appear that the diagnosis is based on cytology in Korea as it is in Japan, but this is likely because even the smallest invasion is recognized and diagnosed as CA. Korean pathologists have gradually standardized their diagnostic criteria after a season of chaos [13] . Nevertheless, there has not yet been a large-scale study on the diagnostic consistency of Korean pathologists.
To promote diagnostic consensus, NECA planned a nation-wide study to evaluate both clinical and pathological features in ESD-performed patients. In our study, we evaluated inter-observer differences, diagnostic features of IEN and early CA, and pathological characteristics contributing to discordance in ESD specimens. The diagnostic agreement rate of Korean gastrointestinal pathologists was excellent (k=0.83). This indicates that the existing criteria for cancer are working well and the inter-observer discrepancy rate in judging invasion is low. In the review of the literature, we could find two reports concerning the inter-observer reproducibility of histologic classification of gastric cancer [14, 15] . Palli et al. [14] , the study in Italy, reported agreement in histologic classification for about 70%-80% of 100 gastric cancers. The kappa was 0.34-0.64 (median, 0.51) among six pathologists when they applied WHO system. In our study, the kappa value of 12 institutions was 0.67-1, although the study design was different. Another study about interobserver variation in the diagnosis of gastric epithelial dysplasia and CA between two pathologists in Japan and Korea [15] revealed that the agreement rate of diagnosis was 73.8% (31/42 cases). The most common disagreement occurred in the diagnosis of adenoma with high-grade dysplasia (9/17 cases, 52.9%): eight cases diagnosed as adenocarcinoma by the Japanese pathologist were diagnosed as high-grade dysplasia by the Korean pathologist.
The kappa value correlated statistically with the cancer proportion at each institution. In the case of institution A, almost all cases were CA, and the kappa value was 1. The highest kappa value was achieved when cases were grouped as cancer vs. non-cancer. On the other hand, the higher interobserver discrepancy was present in diagnoses of LG and HG. The discrimination between low-and high-grade dysplasia is subjective because it depends on the quantitative degree of structural and cytologic abnormalities. So, the chance of intervention of pathologist's subjective judgment is more likely.
The histological evidence of invasion includes infiltration of the stroma by single cells or small clusters of cells, the presence of a stromal response such as desmoplasia, and evidence of lymphovascular invasion [16] . Stromal desmoplasia and lymphovascular invasion are difficult to identify in cases of very early invasion. In our study, we found that careful observation should be performed to identify invasion if there are irregularities outside the glandular basement membrane, severe structural or cytological atypia, angular glands or atypical single-layered glandular epithelial cells having vesicular nuclei. Although the presence of invasion is the essential criterion for differentiating CA from HG, cytologic atypia are also very important. If the extent of atypia is too great for dysplasia but there is no definite invasion, more careful examination and serial sectioning are necessary. Minute invasions are very difficult to identify, so under-diagnosis was more common than over-diagnosis: 5.7% (43/756) and 2.6% (20/756) of original HG and LG cases were revised to CA, while only 1.7% (12/719) and 0.8% (13/719) of original CA cases were revised to HG and LG, respectively. In terms of the total number of cases, the rate of under-diagnosing CA as HG was 3.6% (43/1,202), and this was mostly due to unrecognized invasions. Especially in cases of well-differentiated adenocarcinoma, the detection of single or small clusters of cells suggesting lamina propria invasion was very difficult due to the usual features of wellformed glands.
The total rate of over-diagnosing HG as CA was only 1.0% (12/1,202) . In most cases, there was inter-observer discrepancy regarding the invasion. When the lesion displayed irregularly-sized/shaped or branching glands with more cytological atypia than a usual adenoma, CA was suspected. Most over-diagnosed cases did not exhibit invasion, but displayed cytologic atypia. A noteworthy point is that tangential cutting or portions of glandular epithelial cells resembling small clusters of invasion led to the incorrect diagnosis of invasion. At high magnification, nuclear features such as nucleoli may be exaggerated, increasing the possibility of over-diagnosis. Thus, microscopic diagnosis should be performed at low magnification to evaluate the general distribution, variability, size and shape of the glands, as well as polarity and nuclear features.
Most gastric dysplasias are of the intestinal phenotype and contain crowded, tubular glands displaying nuclear stratification, pencil-like hyperchromatic nuclei, inconspicuous nucleoli, and mucin depletion, without surface maturation [17] . In the case of low-grade dysplasia, architectural abnormalities are minimal and the severity of cytologic atypia is only mild to moderate. The columnar cells contain stratified but polarized nuclei, most of which are basally located, below the half of the cytoplasm with mild to moderate mitotic activity. In high-grade dysplasia, the architectural disarray is more pronounced. The glandular cells become cuboidal in shape, with a high nucleus-to-cytoplasm ratio, nuclear stratification over half of the cytoplasm, loss of nuclear polarity, prominent amphophilic nucleoli and numerous mitoses, which can be atypical [16] . In spite of these criteria, HG is sometimes very difficult to distinguish. In our study, there was a high rate of revising HG to LG (31/109 cases, 28.4%), but a rather low rate of revising LG to HG (19/344 cases, 4.8%). This illustrates the high possibility of over-diagnosing LG as HG in cases with focal or more atypical features that nevertheless fall short of the diagnosis of HG. We also suspect that pathologists tend to be conservative in diagnosing CA but aggressive in diagnosing the dysplasia grade in ambiguous cases, because there is less responsibility of treatment option and less harm to patients leading to the close follow-up. Based on this study, we can suggest the following as useful points for distinguishing LG from HG: the degree of glandular crowding, the irregularity of the glands, the amount of inter-glandular lamina propria and the presence or absence of glandular axis polarity loss. In addition, nuclear stratification extending into the luminal aspect more than half of the cell height in a few contiguous glands [18] seems to be helpful in diagnosing HG.
Regenerative atypia is a diagnostic pitfall in gastric biopsies because it is difficult to distinguish from adenocarcinoma. However, this misdiagnosis was very rare for our ESD specimens. This was presumably due to sufficient specimen volumes and careful diagnoses.
Additionally, the differential diagnosis of CA was difficult in cases of gastritis cystica profunda with dysplastic glands in the muscularis mucosa or submucosa. In such cases, overtly malignant cytologic atypia such as marked pleomorphism and vesicular chromatin were important for differential diagnosis. If desmoplastic reactions, single cells or small clusters of cells were present, the diagnosis of CA was easier.
In summary, the overall reproducibility of the diagnosis of gastric IEN and early CA in ESD specimens was excellent. The concordance correlated with the proportion of CA cases, demonstrating that the diagnostic criteria for CA are more reproducible than those for dysplasia. Further study is needed to establish the pathologic characteristics of CA and dysplasia so that diagnosis can be standardized. Caution should be exercised when secondary changes such as inflammation, erosion and regeneration are observed and the lesion is very focal.
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